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(57) Watar repellent porous silica having uniform 
pores, which comprise© silica skeleton wherein fluorine* 
atoms are fixer! through covalont bonds and which has 
an alkali metal oontcnt of not more than 10 ppb, Is syn- 
thesized. By tr.r> water-repaJJent porous silica, a water- 



repellent porous silica film having uniform pores, which 
is applicable to a light functional material or en electron 
functional material, a process for preparing trie samo 
and uses thereof can be provided. 
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Description 
TECHNICAL HELD 

[00D1] The present Invention relates to water-repef- 
lem porous sluca having uniform mesppor&s, that is ap- 
plicable to caialyst carrier, adsorbent, light functional 
material, eleciron functional material and the like, a 
process for pn. -paring the water-repellent porous silica, 
and uses of tho water-repellent porous silica. 

BACKGROUND ART 

[0002] Porons inorganic compounds having uniform 
mesopores have larger pores than conventional oxides 
such as zeolite, and application or those compounds lo 
catalyst carrlei separation adsorbent, fuel battery and 
sensor has bei.-n studied. 

[0003] As To i a process for preparing such an oxide 
having uniform mesopores, a process utilizing control of 
the structure oi an inorganic malarial by the use or en 
organic compound has been paid attention because an 
oxide of novel f.hape and structure can be obtained. In 
particular, an oxide having uniform mesopores, that Is 
synthesized by utilizing self organisation of an organic 
compound a no an inorganic compound, is known to 
have a larger | >ore volume and a larger surface area 
than conventional oxides such as Zeolite. 
[0004] As a piocessf orpreparing an oxide having uni- 
form pores utilising self organization of an organic com- 
pound and an ii. organic compound, a process compris- 
ing subjecting a silica gel end a surface active agent to 
hydrothermal synthesis reaction in a heat-resistant 
closed vessel lo prepare such an oxide is descrtoed in, 
for exarnp !e, Wo9 1 /11 380. 1 n Butt. Cnem. Soc. Jp., Vol. & 
63, p. 988 (19'iO), a process comprising subjecting 
kanem lie that Is < i kind of a layered silicate and a surface 
active agent to ton exchange to prepare such an oxide 
is described. 

[0005] On the other hand, the oxide having uniform 40 
mesopores has defect that the oxide is liable to adsorb 
moisture becaur.* of its large pore volume and surface 
area. That is tosi-iy, the oxide having uniform mesopores 
prepared as described above has a large pore volume 
and contains a g> oat number of hydroxyl groups present *3 
on the pore eui laces. Therefore, the oxide has high 
moisture adsorpnon properties, and the structure ol the 
oxide Is changed by the adsorbed water or the periodic 
structure ol the pores is disintegrated. 
[0006] Many pntents to improve the moisture adsorp- so 
tlon properties huve been applied so far. For example, 
ii is described in Japanese Patent Lald-Opcn Publica- 
tion No. 1 4413/1 hB1 that an organoeilleon halide com- 
pound as a fitertir.g material is allowed lo react with SiOg 
in an organic solvontto develop water repollency. Inthls ss 
case, the organn- group imparts water repellency to 
SlCfe. 

[0D07] Surface i reatmenis of silica and a silica gel are 
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described in various publications. In Jnpnnese Patent 
Lald-Open Publication No. 181715/1 983, treatment with 
an organocJiane halide and water vapor is described; in 
Japanese Patent Laid-Open Publication No. 
29522671986, treatment with silicone or the like is de- 
scribed; in Japanese Patent Laid-Open Publication No. 
59415/1 990, bonding to a hydrophobic organic group is 
described; in Japanese Patent Laid-Open Publication 
No. 107502/1990, treatment with afluorinating agent in 
the presence of water is described; in Japanese Patent 
Laid-Open Publication No. 196342^1995, treatment by 
immersion of a substrate In a solution obtained by add- 
ing NH*F to a water-based solution of alkoxysilane is 
described; and In Japanese Patent Laid-Open Publica- 
tions NO. 157643/1995, No. 242717/1997, No. 
25427/1998 and No. 140047/1998, treatment of an In- 
organic oxide with a fluorine-containing organosllleon 
compound as a surface treating agent is described. AH 
of these melhods have improved moisture adsorption 
properties of silica. 

[0008] Further, in EP0799791, treatment with a afli- 
cone oil having an epoxy group or with an amine com- 
pound having an amino group Js described; in Chinese 
Patent No. 1,072,654, treatment using amino or pyrro- 
lidona is described; and In U.S. Patent No. 4,164,509, 
sulfonic acid treatment is described. Moreover, In Jap- 
anese Patent Laid-Open Publication No, 92621/1994, 
treatment comprising hydrolyzing tetraethoxysllane and 
coating a substrate with The hydrolysis solution is de- 
scribed; In U.S. Patent No. 4,569,833, treatment by con- 
tact with SIF4 to improve water repellency is described; 
and in U.S. Patent No. 4.054,689, treatment by contact 
with a HF gas to improve water repellency is described. 
[0009] The above methods, however, are all surface 
treatments of silica, and it is difficult to homogeneously 
treating inside surfaces of pores of the porous silica. In 
addition, they are not satisfactory as methods to im- 
prove moisture adsorption properties of the porous ma- 
terials from the viewpoint of application of the resulting 
silica to fight functional materlafe or electron funetlonaJ 
materials, because there are disadvantages such that 
the treatment in water disintegrates the pore structure, 
the treatment with an organic material results in low heat 
resistance, and the F treatmeni by the contact with a 
gas results In only a temporary effect. . 
[0010] m Materials LBtter$A2 (2000), pp. 102-107, a 
process Tor preparing water-repellent porous silica hav- 
ing uniform pores, comprising dropwlse adding a HF so- 
lution to a caustic soda solution of silica and pert oimlng 
hydrothermal synthesis is described. From the porous 
silica prepared by this process, however, any film cannot 
be formed, in addition, Na remaining In silica hinders 
application of the silica to a light functional material or 
an electron functional material. 
[0011] On the other hand, films comprising oxides 
having uniform mesopores have been proposed recent- 
ly, and application of those films to light functional ma- 
terials or electron functional materials has been highly 
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expected. Tor example, in Nature, vol 379, p. 703 
(1996), a pr oeees comprising placing a mica board In 0 
solution es: entialfy consisting of tetraalkoxysllane and 
a surface active agent to form a film on a surface of the 
mica Is described; in Wart/re, Vol. 361 , p. 589 (1 996), a s 
process for lorming a flfrn on e liquid level of a solution 
essentially insisting of tetraalkoxysllane and a surface 
active agem is described; and in Science, Vol. 273, p. 
766 (1996) a process for forming a film on an interface 
between an oil layer containing tetraalkoxysilane and a '0 
water layer containing a surface active agent is de- 
scribed. Thi.se processes, however, industrially have a 
problem that a long period of time is necessary for the 
formation oi a film and a large amount of a powder Is 
produced a: a by-product together with the film . is 
[0012] In Japanese Patent Laid-open Publication No. 
1 94298/1 99 / , a process comprising coaling a substrate 
with a solution essentially consisting of tetraalkoxysl- 
lane and a j-urface active aganl lo form a flhti having 
pores reguk.i ly disposed Is disclosed. In WO99/37705, so 
a process f 01 forming a flhi, which comprises converting 
a surface active agent into an amphiphatlc block copoJ- 
yrr\&rto mak.- pores large, is disclosed. These process- 
es ero indusi 1 ially useful because films arc produced for 
a ehort porioJ of lime, in the resulting porous films hav* & 
ing uniform ^»oree, nowever, gradual variation of the 
structure or » flslntegration of the periodic structure of " 
pores takes j.iace because of tha aforesaid moisture ad- 
sorption pror .artles, and Thereby the conductivity be- 
comes high. Thus, these porous films have a problem *o 
when they am applied to light functional materials or 
electron funci,onal materials. 

[001 3] Accordingly, development of a highly water-re- 
pellent film having uniform pores has been eagerly de- 
sired. ~ 35 

DISCLOSURI. OF THE INVENTION 

[0014] It is , ,n object of the present invention to pro- 
vide water-re/ client porous silica having uniform pores, 40 
that is applicable to a light functional material or an elec- 
tron function6i material, and to provide a silica film, a 
precursor soiuiion for forming the silica, a process for 
preparing the silica and uses of the silica. 
[0015] As a rcsutf of earnest studies to achieve the +* 
above-mentfoi-ped object, the present invention has 
been accomplruned. 

[001 6] The water-repellent porous silica according to 
the present Invention is water-repellent porous silica 
having uniform pores, which comprises silica skeleton *o 
wherein fluorine- atoms are fixed through covalent bonds 
and which has an alkali metal content of not more than 
10 ppb. 

[0017] The liuorine content in the silica skeleton Is 
preferably In tha range of 0.3 to 15.0 % by weight. ss 
[0018] ft Is preferable thatthe mean poresizeof pores 
of the porous silica is in the range of 1.3 to 10 nmend 
the porous sllic.-i has a periodic crystal Structure Of hex- 



agonal system when examined by X-ray dlffractometry. 
[0019] it is also preferable that the mean pore size is 
in the range of 1 .3 to 10 nm end the porous silica has a 
crystal structure of Irregular arrangement. 
[0020] The process of the present invention for pre- 
paring the water-repellent porous silica having uniform 
pores r said silica comprising silica skeleton wherein flu- 
orine atoms are fixed through covalent bonds, compris- 
es the steps of partiafly hydroryzlng a fluorine-containing 
trialkoxysilane rep resented by the following formula and 
a telraalkbxysilane under acidic condition, then drying 
a solution resulting from the hydrolysis and mixed with 
a surface active agent and removing the surface active 
agent or extraction; 

(Z0) 3 SiK 

wherein 2 is methyl, ethyl, n-propyl, hpropy], n-buryl, l- 
butyl, hbutyl or sec-butyl, and R Is a fluorine atom, 
(CH g ) a (CF 2 ) b (O(CF a ) 0 ) d X (X is a fluorine atom, OCF s , 
OCF(CF 3 ) 2 , OC(CF 3 ) 3 , an alkyl group era phenyl group, 
e is a number of 0 to 3, b Is a number of 0 to 3, c is a 
numbor of 1 to 3, and d Is a number of 0 to 3) or 
CeH 

c F {*-o (a is a number of o to 4). 
[0021] When the desired water-repellent porous silica 
is a powder, the solution can be dried by spray drying. 
[0022] The riuorlne-eoniainlng trialkoxysilane is pref- 
erably triethoxyfluorosilane. 

[0023] The tetraalkoxysllane Is preferably tetraethox- 
ysllane. 

10024] The molar ratio of the fluorine-containing tri- 
alkoxysilane to the tetraalkaxysllana Is preferably in the 
range of 0.01 to 1.2, 

[0025J The number of moles of the surface active 
agent is preferably In the range of 0.003 to 1 time the 
sum of the numbers of motes of the fluorine-containing 
trialkoxysilane and the tetraalkoxysllane. 
[0026] The surface active agent Is preferably an aiky- 
lammDnlum salt represented by the following formula: 



CnH^NfCH^X 

wherein n Is an Integer of a 10 24, and X Is a halide ion, 
HSO4- or an organic anion. 

[D027] The surface active agent Is also preferably a 
compound having a poh/alkyiene oxide structure. 
[002a] The film according to the present invention is 
a film comprising the water-repellent porous silica. 
[0029] The thickness of tho watcrrepclteni porous sil- 
ica film is preferably In the range of 0.01 u/n to 2.0 mm. 
[0030] The water-repellent porous silica film can be 
used as a layer insulation film. 

[0031] The precursor solution according to the 
present invention is a precursor solution for forming the 
water-repellent porous silica. 

[0002] The precursor solution for forming the water- 
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repellent pgr.- us silica is obtained by partially hydroryz- 
ing a fluorine containing trialkoxysilane represented by 
the following formula and a tetraalkoxysilane under 
acidic condition and then mixing the resulting hydrolysis 
solution with * surface active agent; 

(20) 3 SlR 

wherein 2 is n.ethyl, ethyf r n-propyf, i-propyl, n-butyf, t- 
butyl, hbutyl ur eoc-butyl, and R is a fluorine atom, 
(CH 2 ) a (CF 2 ) l ,(0(CF 2 ) c ) tf X (X is a fluorine atom, OCF 3 , 
OCF{CF 3 ) 2 , OC(CFg) 3 , an alkyl group or a phenyl group, 
a is a numbej of 0 to 3, b Is a number of 0 to 3, c is a 
number of 1 io 3, and d is a number of 0 to 3) or 
C 6 H e F (5 , c j (e if. b number of 0 to 4). 
[0033] In the precursor solution for the forming water- 
repellent porous silica, the molar ratio or the fluorine* 
containing irkiikoxysllane to the tetraalkoxysilane is 
preferably In tiio range of 0,01 to 1.2. 
[0034] In the precursor solution for forming the weter- 
repeltent porous- silica/ the number of moles of the sur- 
face active agL'nt is preferably In the range of 0.003 to 
1 time the sum of too numbers of moles of the fluorine- 
containing trialkoxysilane end the teirsalkoxysiiena. 
[0035] The surface ective agent used for the precur- 
sor solution for i arming the water-repellent porous silica 
is preferably en alkylnmmonium salt represented by the 
foHowingformuiii: 

wherein n is an integer of a to 24, and X is a halido ion, 
HS0 4 - or an organic anion. 

[0036] The surface active agent used for the precur- 
sor solution for forming the water-repellent porous silica 
is also preferably a compound having a poryalkyJene Ox- 
ide Structure. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[00371 The present Invention is described in detail 
hereinafter. 

[0038] For preparing water-repellent porous silica 
naving uniform pores, which comprises silica skeleton 
wherein fluorine atoms are fixed through covaJerrt 
bonds, hydrolysis reaction of a fluorine-containing tri- 
alkoxysilane with a tetraalkoxysilane is carried out first 
[0039] Through the hydrolysis reaction, the fluorine- i 
containing trialkoxysilane andtho tcrraaikoxysilano are 
co-condensed, and fluorine atoms to develop water re- 
peUoncy are highly dispersed and fixed in the copolymer 
which becomes £• body of a silica film. 
[0040] The hyofolysls is desired to be carried out in s 
the pH range of i to 4, As the pH adjusting agent, any 
acid is employable, and examples thereof include hy- 
drochloric acid, hy drobromic acid, nitric acid and sulfuric 
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acid. 

[0041] Examples of the fluorine-containing triafkox- 
ysiianes Include trimethoxyfluorosilare, triethoxytluor- 
osilane, triisopropoxyfluorosilane and trfbutoxyfluorosi- 
5 lane, in particular, use of triethoxyfluoroeiiahe is prefer- 
able. The fluorine-containing trlslKexyslianes can be 
used singly or In combination of two or more kinds. 
[0042] Examples of the tetraalkoxysitanes include te- 
tramethoxysilane, tetraethoxysilane, tetraisopropoxysl- 
* 0 lane andtetrabutylsflane. In particular, use of tetraethox- 
ysilane is preferable. 

[0043] The hydrolysis is carried out by adding a pH 
adjusting agent and water to the fjuorwie-containing tri- 
alkoxysilane and the tetraalkoxysilane. The amount of 
is water added is In the range of preferably 03 to 20 mol 
based on 1 mot of the aikoxysitanc, and the hydrolysis 
is desirably conducted at room temperature for several 
minutes id 5 hours. *\ • ., 

[0044] The hydrolysis may be conducted In the pres- 
to ence of a solvent. Examples of the solvents employable 
Include primary alcohols, such as methanol, ethanoland 
1-propanol; secondary alcohols, such as 2-propanol 
and 2-butenol; tertiary alcohols, such as tertiary butyl 
alcohol; ecotonc; and aeetonitrilc. The solvents can bo 
a* ueeo singly or In combination of two or more kinds. 
[0D45] By changing the molar ratio of th e fluorine-con- 
taining trialkoxysilane to ..the tetraalkoxysilane, the 
amounts of the fluorine atoms capable of being fixed In 
the silica skeleton can be changed. The fluorine content 
so in the silica skeleton can be measured by elemental 
analysis. The fluorine content In the silica skeleton is in 
the range of preferably 0.3 to 15.0 % by weight, more 
preferably 0.3 to 10.0 % by werghl, particularly prefera- 
bly 0.5 to 7.0 % by weight 
35 [0046] The crystal structure can be confirmed by X- 
ray diffractometry. In order to obtain water-repellent po- 
rous silica having a hexagonal periodic crystal structure 
and having pores of uniform sizes, the molar ratio of the 
fluorine-containing trialkoxysilane to the tetraalkoxysi- 
^o lane Is in The range of preferably 0.01 to 1 J2, more pref- 
erably 0,01 to 0.5, particularly preferably 0.05 to 0.3. If 
The molar ratio is less Than the lower limit of the above 
range, the effect of water repel lency cannot be obtained. 
If the molar ratio is more than the upper limit of the above 
range, the pore sizes become ununiform and a hexag- 
onal periodic crystal structure cannot be formed occa- 
sionally. Even if (he molar ralio is in the ubove range, a 
periodic crystal structure having microscopically hexag- 
onal system formed by variation of the arrangement at 
>0 short intervals but having no distinguishable peak found 
by X-ray diffractometry, namely, a crystal structure of so- 
called irregular arrangomont is obtained doponding up- 
on the preparatlon'eonditionB. Even in this case, how- 
ever, the resulting silica has uniform pores having equal 
s sizes. 

[0047] The alkali metal present in the silica, even in a 
slight amount, hinders application of the silica to an elec- 
tron functional material, so that the amount of the alkali 
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metal contaii ied in the silica is desired to be as small as 
possible. Mete specifically, the content of tho alkali met- 
al in the wai ^-repellent porous silica is preferably not 
more than 1 f) ppb. The Influence of tho alkali metaJ can 
be generally ludged by measuring electrical properties 
of a film or tl ie like produced from the silica. 
[0048J Afti.T the hydrolysis reaction of the fluorine- 
containing thaikoxysilane with the tetraalkoxysilane, a 
surface activo agent is added, and the mixture is stirred 
for preferably several minutes to 5 hours, whereby a pre- 
cursor solution for forming water-repellent porous silica 
can be obtained. 

[0049] Jl is desirable to use a compound having $ 
long-chain aiKyl group and a hydraphWc group as the 
Surface active agent. Tne long-chain alley! group is pref- 
erably one having fl to 24 carbon atoms. Examples of 
the hydrophiliL.- groups Include a quaternary ammonium 
sail, an amlnw group, a nJiroso group, a hydroxyt group 
and a carboxyi group. Specifically, it is preferable lo use 
an alkylammuiium salt represented by the following for- 
mula: 



C n H 2n+1 N(CH a ) a X 

wherein n is an integer of a to 24, and X is a halide ion, 
HS0 4 - or an organic anion. 

[Q050J By Changing the molar ratio between the sur- 
face active ag.rnt added end the alkoxysflane, the crys- 
tal structure of i ha resulting water-repellent porous silica 
can be controlled. 

[0051] When the surface active agent is an aikylam- 
monium salt, fie number of moles of the surface active 
agent is in the range of preferably 0.03 to 1 time, mora 
preferably 0.0* to 0.2 time, the sum of the numbers of 
moles of the fluorine-containing trialkoxysllane and the 
tetraalkoxysilane. If the amount of the surface active 
agent is smalle r than the above amount, extra silica In- 
capable of corn rtoutlng to self organization is present 
and the poroshy Is markedly lowered, ff the amount of 
the surface a.-tlve agent ie larger than the above 
amount, a hexagonal periodic crystal structure having 
uniform pores cannot be formed, resulting in disadvan- 
tages such as disintegration of the structure during the 
calcining. 

[0052] As the surface active Bgent, a compound hav- 
ing a polyalkyiL-ne oxide elruclure is alao employable. 
Examples of trn. poryaikylene oxide structures include 
polyethylene o>.de structure, polypropylene oxide struc- 
ture, polytetram.Jthylene oxide structure and porybuty- 
lene oxide structure. Examples of such compounds in- 
clude ether type- compounds, such as polyoxycthylono/ 
polyoxypropyiene Week copolymer, poryoxyothylene 
polyoxypropytene alkyl oiher, polyethylene alkyl ether 
and polyoxyethytene alkyl pnenyl ether; and ether ester 
type compound* such as polyoxyethylene glycerine fat- 
ly acid ester, ppiyoxyetnylone sorbrran fatty acid ester, 
polyethylene sorbitol fatty acid ester, sortoitan fatty acid 
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ester, propylene glycol fatty acid ester and sucrose fatty 
add ester. 

[0053] When the surface active agent is a compound 
having a polyalkylene oxide structure, the number of 
moles of the surface active agent Is In the range of pref- 
erably 0.003 to 0.05 time, more preferably 0.005 to O.03 
lime, the sum of the numbers of moles of the fluorine- 
coniaining t/talkoxysilane and the tetraalkoxysilane. If 
the amount of the surface active agent is smaller than 
the above amount, extra silica incapable of contributing 
to Self organization is present and the porosity is mark- 
edly lowered occasionally. If the amount of the surface 
active agent is larger than the above amount, a hexag- 
onal periodic crystal structure having uniform pores can- 
not be formed, resulting in disadvantages such as dis- 
integration of the structure during the removal of the sur- 
face active agent. 

[0054] The surface active agent may be added In the 
form of a solid or a solution obtained by disserving the 
surface active agent in a solvent or a hydrolysis solution 
of alkoxysflane, 

10055] The precursor solution obtained by the addi- 
tion of the surface active agent is dried, and then the 
surfaeo active agent is removed by calcining or extrac- 
tion, whoreby water-repellent porous silica can be ob- 
tained. 

[005fi] With tho precursor solution , a substrate is coat- 
ed, and the solution Is dried. Then, the surface active 
agent is removed by calcining or extraction, whereby a 
water-repellent porous silica film can be obtained. 
[0057] The drying conditions are not specifically re- 
stricted, and any condition is available as far as the sol- 
vent can be evaporated. When the desired water-repel- 
lent porous silica is a powder, the solution is preferably 
dried by spray drying. 

[D05B] Likewise, the cabining conditions are not spe- 
cifically restricted, and any temperature is available as 
far as the surface active agent can be removed at that 
temperature. The calcining may be carried out In the at- 
mosphere or inert gas T or In vacuo. 
[0059] The porous silica obtained as above is appli- 
cable to a catalyst carrier or a filler. 
[0060] The porous silica film obtained as above ex- 
hibits high water ropeflency and high transparency even 
when It is In a self-supporting slate or ft Is bonded to a 
substrate, and nonce tne film is applicable to a light func- 
tional material or an electron functional material, such 
as layer insulation film, electron recording medium, 
transparent conductive film, solid electrolyte, light wave- 
gulding channel or color member for LCD. Particularly, 
the layer insulation film needs to have strength, heat re- 
sistance and low dielectric constant (high porosity), and 
tho water-repellent porous silica film having such uni- 
form pores is promising. 

[DD61] The term "water ropeitency" used herein 
means such a state that even if operations consisting of 
sufficiently exposing porous stiica in the form of a film 
or a powder to a nitrogen atmosphere at a temperature 
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of 2S 9 C and a nilfliK/e humidity of 90 % and then putting 
ft back in a dry nitrogen atmosphere are repeated, the 
porous silica is substantially free from weight change or 
structure drsirtiugration due to water adsorption. There- 
fore, small change In weight due to water adsorption 
means high Writer repellency, and hence the weight 
change is preferably as small as possible, particularly 
preferably not more than 3 % by weight. 
[0062] As the substrate on which a film of the water* 
repellent porous silica is formed, any material that is 
generally used is employable. Examples of the sub- 
strates include t ;lass» Quarts, silicon wafer and stainless 
steel. The substrate may have any shape such as a 
shape of plate or dteh. 

[0063] Examples of methods tor coating the substrate 
include general »nee such as spin coating, cast coating 
and dip coating in case of spin coating, the substrate is 
placed on a spinner, than a sample is dropped on the 
substrate, and I he substrate is rotated at 500 to 10OO0 
nam, whereby a *aten-repeJtent silica film having a uni- 
form thickness i:an be obtained. 

EXAMPLE 

[0064] The present Invention is further described with 
reference to the lollowing examples. 



Moisture adsorp h on test 

[0065] In the amples, the moisture adsorption test 
was carried out hi the following manner. 
[0066] First, a specimen was calcined at 400»C and 
then allowed to si and still in a stream of dry nitrogen at 
roomtemperaturv until a constant weight was reached. 
Next, the specimen was allowed to stand still in a nitro- 
gen atmosphere ior 10 minutes at a relative humidity of 
90 %. Then, the specimen was put back in a stream of 
dry nitrogen again and allowed to stand sill until a con- 
stant weight was reached. These operations were re- 
pealed 20 times, and when a constant weight was 
reached in the st^am of dry nitrogen, the weight was 
measured. A difference between the measured weight 
and the initial weigntwas calculated to determine weight 
change. 

[0067] increase in the weight of the specimen In this 
moisture adsorption test means Increase in the ad- 
sorbed water of me specimen, and small change In 
weight means high water repel ton ey. 

Example 1 

£0068] TctraothDKysilano (7.0 g), trioihoxyf luorosilanc 
(0.3 g) and 1-proprinoJ {17 mi) were mixed and stirred. 
To the mixture, O.a mj of 1N hydrochloric acid and 2.0 
ml of water were .^dded, followed by further stirring. 
Then, 9,0 ml of 2-hjJtanol was added, end the mixture 
was mixed with a solution of 0.95 g of cetyltrimeihyjftm- 
monium chloride in 4.5 ml of water After stirring for 2 
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hours, a transparent homogeneous precursor solution 
was obtained. Several droplets of the precursor solution 
were placed on a surface of a glass plate, and the glass 
plate was rotated at 2000 rprn for 1 0 seconds to form a 
fifrn on the glass plate Surface. By the X-ray diffractom- 
etry, the film obtained was found to have a structure of 
periodic arrangement having a spacing of 3ii nm. 
[0069] By the X-ray diffraetometry. further, the film 
was found to retain a structure of periodic arrangement 
having a spacing of 2.9 nm even after drying and then 
calcining at 40Q°c, and it was confirmed from a section- 
al photograph of the film that The pores had a hexagonal 
arrangement structure. As a result of measurement of 
af ifrn thickness by a film thickness mete r, the fifrn proved 
is to nave a uniform thickness of 0.2 um In the moisture 
adsorption test of the film, the weight change was sub- 
siantlalry 0 % by weight, and this film proved to be a 
porous film having nigh water repellency. 
[0070] Tnen, the porous Him was saturated with water 
so and allowed to ad&oro water In a humidifier at 40 D C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated by the heating under vacuum 
was analyzed by a quadrupole mass spectrometer (re- 
ferred to as a ■Q-mass" hereinafter). As a result, water 
B5 liberation was not observed, and from this, It was con- 
firmed that water was not substantially adsorbed inside 
the film pores. 

Comparative Example 1 



[0071] A film was formed on a glass plate in the same 
manner as in Example 1 , except that triethoxyfluorosl- 
lane was not added. By the X-ray diftractometry, ihc film 
was found to have a structure of periodic arrangement 
having a spacing of 2.8 nm after calcining at400*C, and 
It was confirmed from a sectional photograph of the film 
that the pores had a hexagonal arrangement structure. 
In the moisture adsorption test of the film, the weight 
gradually Increased, and a weight change of B % by 
weight was observed after the completion of 20 times of 
the operations. From this result, It was confirmed that 
the film had poor water repellency and water was ad- 
sorbed by the film. 

[0072] Then, the porous film was saturated with water 
43 and allowed to adsorb warer In a humidifier at 40°C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated by the healing unaer vacuum 
was analyzed by a Q-mass. As a result, water liberation 
was great, and from this, it was confirmed that water was 
«0 adsorbed inside the film pores. 

Examplc_2 

[0073] A precursor solution prepared in the same 
S9 manner as in Example 1 was subjected to spray drying 
to obtain a dry powder. By the X-ray diffractomepy the 
powder obtained was found to have a periodic hexago- 
nal arrangement structure having a spacing of 3.5 nm. 
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By the X-iny diflrnctometry, Turner, the powder was 
found. to reiain a periodic hexagonal struclure having a 
spacing of ?.B nm even after drying and then calcining 
at 400°C. Moreover, It was confirmed by the elemental 
analysis thiii fluorine atoms wore present in the powder 
in amo tints of 1 .04 % by weight and the amounts of so- 
dium atoms were below the limit of detection (below 1 0 
ppb). In the moisture adsorption test of the powder, the 
weight change was substantially 0 % by weight, and this 
powder proved to be porous silica havinghlgh water re- 
pellency. 



of water liberated by The heating under vacuum was an- 
alyzed by a O-mass. As a result, water liberation was 
not observed, and from this, it was confirmed that water 
was not substantially adsorbed inside the film pores. 

Example 4 

[0078] Several droplets of a precursor solution pre- 
pared in the same manner as in Example 1 were placed 
on a surface of an acetyl ceDulose film, and the acetyl 
cellulose film was rotated at 2000 rpm for 10 seconds 



[0Q74^l%.'rrri^e-Towder urtantrvfOnrtin^^ Afte r — 

and allowed to adsorb water in a humidifier at 40°C for 
24 hours, lollowed by heating under vacuum. The 
amount of wiiter liberated by tne heating of the powder 
under vacuum was analyzed by a O-mass, As a result, 
water liberal i on was not observed, and from this, It was 
confirmed th* it water was not substantially adsorbed in- 
side the powiier pores. 



30 
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Comparative Example 2 

[0075] Into a solution of 2.16 g of sodium hydroxide 
in 90 g of waicr, S g of since was introduced, and they 
were stirred .hi 80 B C for 2 houre. To the solution, 18.2 g 
of cetyrtrimeirtyfemmonium bromide was added, fol- 
lowed by stifling at room temperature for 1 hour. To the 
solution, a solution of 0,68 g of CQ wt% hydrofluoric add 
in 90 g of wmer was further added. The mixture was 
stirred at roori . Temperature for 2 hours andtnen allowed 
to stand at 1 O0°C for 3 days in an autoclave to prepare 
a powder. TV powder was filtered, washed with a large 
amount of w&ter, dried at 1 oo*c for one day and night 
and calcined «t 550 6 C for io hours fn air. By the X-ray 
diffractometry the powder obtained was found to have 
a periodic hexagonal structure having a spacing of 3.4 
nm. Further, ii was confirmed by the elemental analysis 
that fluorine &ioms were contained in amounts of 0.63 
% by weight and sodium atoms were contained in 
amounts of fi.u ppm in the powder. 4c 

Example 3 

[0076J A film formed in the same manner as in Exam- 
ple 1 was drieo . and then extraction of the surface active 
agent was earned out using an ethanol solvent. By the 
X-ray dWraeLornelry, the film obtained was round io re- 
tain a structure el periodic arrangement having a spac- 
ing of 3.6 nm nter the extraction, similarly to Example 
i . As a result nf measurement of a film thickness by a so 
film thickness meter, the film proved to have a uniform 
thickness of 0,:' urn. in tho moisture adsorption tost of 
the film, thB weight change was substantially 0 % by 
weight, and ihi; film proved to be a porous film having 
high water repnUency. 55 
[0077] Then, 1 he film was saturated with water and al- 
lowed to ad&orti water In a humidifier at 40°C for 24 
hours, followed &y heating under vacuum. The amount 



drying at room temperature, the acetyl cellulose film wa3 
dissolved with methyl Bcetaie to obtain a transparent 
self -supporting film. By the X-ray diffractometry, me self- 
supporting film obtained was found to have the same 
structure as that of Example 1 . 

Example 5 

[0079 J A film was formed In the same manner as In 
Example 1 , except that the amount of cetyltrtrnethytam- 
monlum chloride was changed to 1 .75 g from 0.85 g. By 
the X-ray diffractometry, the film obtainod was found to 
have a periodic cubic structure. In the moisture adsorp- 
tion test of the film, the weight change was substantially 
0 % by weight, and this film proved to be a porous film 
having high water ropellency 

[0080] Then, the film was saturated with water and al- 
lowed to adsorb water in a humidifier at 40*C for 24 
hours, followed by heating under vacuum. The amount 
of water liberated by the healing under vacuum was an- 
alyzed by a Q-mass. As a result, water libaration was 
not observed, and from this, It w&& confirmed that water 
was not substantially adsorbed Inside the film pores. 



Example 6 

[0081] A film was formed In the same manner as in 
Example 1 , except that the amount of cetyltrimethylam- 
monium chloride was changed to 0.75 g from 0.95 g. 
Although a regular structure was not confirmed by the 
X-ray diffractometry, It was confirmed from a sectionaJ 
photograph of the film that the tllm had a structure of 
worm-like arrangement, in the moisture adsorption test 
or the fflm, the weight change was substantially 0 % by 
weight, and Lhjs fftm proved lo be a porous film having 
high water repeliency. 

[0082] Then , the film was saturated with water and el~ 
lowed to adsorb water in a humidifier at 40°C for 24 
hours, followed by heating under vacuum. The amount 
of water liberated by the heating under vacuum was an- 
alyzed oy a Q-mass. A$ a result, water liberation was 
not observed, and from this, it was confirmed that wator 
was not substantially adsorbed inside the film pores. 
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Example 7 



Example 8 



[0083] Tetnethoxysllane od.o g) t triethoxyfiuorosi- 
lane (0,5 g) a> .d etbanoj (50 ml) wore mixed and stirred. 
To the mixture , 1.Q ml Of IN hydrochloric aeid end 10.0 s 
ml of water wi«re added, followed by farther stirring for 
1 hour. Then, ihe mixture was mixed with a solution of 
2.8 g of a polyi .ilkylene oxide) block copolymer (Pturonfc 
P123, available from BASF, 

HO^CH^H^^ajiCH^HfCH^ofCHzCHgO)^) In io 
50 mJ of othanol. After stirring for 2 hours, a transparent 
homogeneous, precursor solution was obtained. Several 
droplets of trie precursor solution were placed on a sur- 
face of a glas*. plate, and the glass plate was rotated at 
2000 rpm for 1 ft seconds to form a film on the glass plate m 
surface. By uV x^ray drffractometry, the film obtained 
was found to h.jve a structure of periodic arrangement 
having a spacing of 5.4 nm. By The X-ray drrrraclometry, 
further, the film was found to retain a structure orporiodic 
arrangement h, tvjng a spacing of B.O nm even after dry- so 
ing end then c.ilcining at 400*C, and it was confirmed 
from e section A photograph of the film that the pores 
had 6 hexagonal arrangement structure. As a result of 
measurement << f a film thickness by a film thickness me- 
ter, the film proved to have a uniform thickness ef 0.1 25 
fun. In tho molsiijre adsorption test of thofilm, the weight 
change was substantially 0 % by weight, and this film 
proved to be a porous fifrn having high water repeflency. 
[Q084] Then , I he porous film Was saturated with water 
and allowed to r.cteorp water in a humidifier at 40°C for 30 
24 hours, followed by heating under vacuum. The 
amount of watei liberated by the heating under vacuum 
was analyzed by a Q-mase, As a result, water liberation 
was not observed, and from this, ft was confirmed that 
water was nor substantially adsorbed inside the film « 
pores. 

Comparative Example 3 



£0087] A precursor solution prepared in the same 
manner as in Example 7 was subjected to spray drying 
to obtain a dry powder. By ihe X-ray diff ractomotry, the 
powder obtained was found to have a structure of peri- 
odic arrangement having a spacing of 5.3 nm. By the X- 
ray dlffractometry, further, the powder was found to re- 
tain a periodic hexagonal structure having a spacing Of 
4.9 nm even after drying and then canning at 4Q0°C. 
Moreover, It was confirmed by the elemental analysis 
thai fluorine atoms were present In the powder in 
amounts of 1 .36 % by weight and the amounts of sodium 
atoms were below the frm* of detection (below 1 0 ppb). 

Example 8 

[0066] A film formed In the same manner as In Exam- 
ple 7 was dried, and then extraction or the surface active 
agent wee carried out using an ethanol solvent. By the 
X-ray dJfrrectcmetry, the film obtained was found ro re- 
tain a structure of periodic arrangement having a spac- 
ing of 5.4 nm after the extraction, similarly to Example 
7. As a result of measurement of a film thickness by a 
film thickness meter, the film proved to have a untform 
thickness of 0.1 nm. In tho moisture adsorption tost of 
the film, the weight change was substantially 0 % by 
weight, and this film proved to be a porous film having 
high water repel ten cy. 

[0089] Then, the film was saturated with water and al- 
lowed io adsorb water In a humldfTier at 40°C for 24 
hours, followed by heating under vacuum. The amount 
of water liberated by the heating under vacuum was an- 
alyzed oy a Q-mass. As a result, water liberation was 
not observed > and from this, it was confirmed that water 
was not substantially adsorbed InBide the film pores. 



[0065] A film was formed on a glass plate in the same *Q 
manner as in Example 7, except that triethoxyfluorosl- 
Jane was not added. By the X-ray dlflraciometry, the film 
was found lo hava a structure of periodic arrangement, 
and It was confln ned from a sectional photograph of The 
film that the pore* had h hexagonal arrangement struc- 
ture, in the mobture adsorption test of the film, the 
weight gradually increased, and a weight change of 9 
% by weight wa^ observed after the completion of 20 
times of the opeiations. From this result. It was con- 
firmed that the fifro had poor water repel leney and water so 
was adsorbed by rhe film. 

[0086] Then, tho porous film was saturatod with water 
and allowed to ausorb water in a humidifier at 40 9 C for 
24 hours, followed by heating under vacuum. The 
amount of water Unrated by the heating under vacuum 
was analyzed by n Q-mass. As a result, water liberation 
was great, and from this, it was confirmed that water was 
adsorbed inside the film pores. 



Example 10 

[0O90] Several droplets of a precursor solution pre- 
pared in the same manner as in Example 7 were placed 
on a surface of an acetyl cellulose film, and the acetyl 
cellulose film was rotated at 2000 rpm for 10 seconds 
to form a film on the acetyl cellulose fi»m surface. After 
drying at room temperature, the acetyl cellulose mm was 
dissolved with methyl acetate to obtain a transparent 
eelf-supportlngfllm. By the X-ray dltTraclomelry, the self- 
supporting film obtained was found to have the same 
structure as that of Example 7. 

Example 11 

[0091] Several droplets of a precursor solution pre- 
pared in the same manner as In Example 1 were placed 
on a low-resistance p type silicon wafer for dielectric 
constant measurement, and the silicon wafer was rotat- 
ed at 2000 rpm for 1 o seconds to form a film. By the X- 
ray dlffractometry, the film was found to retain a struc- 
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ture of periodic arrangement having a spacing of 2.9 nm 
after calcining at 400 D C, and it was confirmed from a 
sectional photograph of the film that the pores had a 
hexagonal airangemem structure. 
[0092] • Thi :n,*f rom and back surface electrodes ware s 
formed by deposition, and a dielectric constant was 
measured In d nitrogen atmosphere underthe condition 
of a frequency of 1 MHz. As a result, the mean dielectric 
constant way. 2.4 in the 10-point measuring method. 

ID 

Comparative Example 4 

[0093] A dk-lectrlc constant of a porous silica film ob- 
taJned in the ?.ame manner as in Comparative Example 
1 was measured. The measurement was made in ihe :s 
same mannei as in Example 11 . As a result, the dielec- 
tric constant was 3,5. 

Example 12 

20 

[0094] Several droplets of a precursor solution pre- 
pared In the sr,me manner as In Example 1 were placed 
on a surface of a silicon wafer of a transistor provided 
with a source/drain region and a gate electrode, and tho 
transistor wai rotated at 2000 rpm for 10 seconds to ** 
coat the silicon wafer with the precursor solution. There- 
after, the coating film was heated at 400°C for 1 hour In 
a nitrogen atmosphere to obtain a layer Insutation film. 5 
A sectional photograph of the layer insulation film was 
observed, ana ;re a result, It was confirmee* that the layer *o 
insulation film was a porous silica film having a spacing 
of about 3 nm iind having pores with a periodic hexag- 
onal arrangement structure. 

EFFECT OFT I IE INVENTION 35 

[0095] A wavr-repellent porous silica having uniform 
pores, that is explicable to a light functional material or 
an electron fun cniona! material, and a process for pre- 
paring the watt r-repellent porous silica can be provided *o 
by the present invention. 

[0096] The wuter-repeiient porous silica film accorcr 
Ing to the present invention can retain a periodic struo 
ture of pores by virtue of its waxer repeltency, and aa a 
result, the oteier: trie constant can be towered. Therefore, -w 
the water-repellent porous silica film te favorable as a 
layer insulation Him. 

INDUSTRIAL APPLICABILITY 6 . 

so 

[DD97] The wi uer- rep el lent porous silica film of the in- 
vention can rctem a periodic structure of pores by virtue 
of its water rept.iloncy, and has an alkali metaj content 7. 
of not more than 1 0 ppb. Hence, the water-repellent po- 
rous silica film b applicable to a catalyst carrier, an ad- ss 
sorbent, a light f. motional material, en electron function- 
el material and tno like. Moreover, by virtue of The water 
repeliency, the dielectric constant can be lowered, so &. 



that the wnler-rapellent porous silica film Is particularly 
useful as a layer insulation film of a semiconductor or 
the like. 



Claims 

1 . Water-repellent porous silica having uniform pores , 
which contains fluorine atoms fixed in the silica skel- 
eton through covalent bonds and has an alkali metal 
content of not more than 10 ppb. 

2. The water-repellent porous silica as claimed in 
claim 1 , wherein the fluorine content in the silica 
skeleton is In the range cf 0-3 to 15.0 % by weight. 

3. Trie water-repellent poroue silica as claimed in 
claim 1 or 2, which has pore3 having a mean pore 
stee of 1 ,3 to 1 0 nm and has a periodic crystal struc- 
ture of hexagonal system when examined by X-ray 
dlffractometry. 

4. The water-repellent porous silica as claimed In 
claim 1 or 2, which has pores having a moan pore 
size of 1 .3 to 10 nm and has a crystal structure of 
Irregular arrangement. 

5. A process for preparing the water-repellent porous 
silica of any one of claims 1 to 4, comprising the 
steps of partially hydrolyzlng a fluorine-containing 
trial koxysilane represantad by the following formula 
and atatraalkoxysiJane under acidic condition, then 
drying a solution resulting from the hydrolysis and 
mixed with a surface active agent, and performing 
calcining or extraction; 

(ZO)aSiR 

wherein 2 Is methyl, ethyl, n-propyl f i-propyl, n- 
butyl, t-butyl, i-butyl or see-butyl, and R is a fluorine 
atom, {CH2) n [0f 2 ) b (O{CF 2 )^ (X is a fluorine at- 
om, OCF 3 . OCFfCF-jfe, OC{CF 3 ) 3r an alky! group 
or a phenyl group, a Is a number of 0 to 3, b is a 
number of 0 to 3, c Is a number of 1 to 3, and d Is a 
number of 0 to 3) or CeHcF^j (e Is a number of 0 
to 4). 

The process for preparing the water-repellent po- 
rous silica as claimed in claim £, wherein the solu- 
tion is dried by spray drying. 

The process for preparing the water-repellent po- 
rous eifiCB as claimed In claim 5 or e, wherein the 
fluorine-containing triafkoxysilane is Iriethoxyfiuor- 
psHane. 

The process for preparing the water-repellent po- 
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rous sllicrt as clelmed In claim 5 or 6, wherein the 
tGtraalkOkysilane is tetraethoxysileno. 

9. The procrss for preparing the water-repeftenl po- 
rous silica as. claimed in claim 5 or 6, wherein the 
molar ratio of the fluorine-containing trialkoxysllane 
tothetetii.aikoxysllane is in the range of 0.0 1 to l ,2. 

10. The process for preparing the water-repellent po- 
rous siliciias claimed in claim 5 or 6, wherein the 
number ot moles of the surface active agent ts in 
the range of 0.003 to 1 time the sum of the numbers 
of moles uf the fluorine-containing trialkoxysUane 
and the tttraalkoxysflane. 

11. The proct.is Tor preparing the waier-repellent po- 
rous silica as claimed In ciaim 5 or 6, wherein the 
surface ac i ve agent is an alkylammonlurn salt rep- 
resented \>y the following formula; 



C n H 2rHlN(CH a ) 3 X 

whoroin n . an integer of 8 tD 24, and X fe e halidc 
Ion, H$0 4 - or an organic anion , 

12. The proems for preparing tho water-repellont po- 
rous silica n£ claimed In claim 5 or 8, wherein the 
surface aeiive agent is a compound having a poly- 
alkylane c*»de structure. 

13. A film comprising the water-repellent porous silica 
of any one r.f claims 1 to 4. 

14. The film as rtaimed in claim 13, which has a Thick- 
ness ol O.Oi fim to 2.0 mm. 

15. A layer insulation film comprising the film of claim 
13 or 14. 
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17. The precursor solution Tor forming water-repellent 
porous silica as claimed In claim 16, wherein the 
molar ratio of the fluorine-containing triaikoxysllane 
(o the tetraalkoxysliane is in the range of 0.01 to 1 jZ. 

IB. "Hie precursor solution for forming water-repellent 
porous silica as claimed in claim 16, wherein the 
number of moles of the surface active agent is in 
the rang© of 0.003 to 1 time the sum of The numbers 
of moles of the fluorine-containing trlalkoxysilane 
and the tetraalkoxysilane. 

19. The precursor solution for forming water-repellent 
porous silica as claimed in claim 16, wherein the 
surface aarve agent Is an alkylammonium salt rep- 
resented by the following formula; 



C„H 2rw1 N<CH a ) 3 X 



so 



25 



00 



wherein n is an imeger of 8 to 24, and X Is a halide 
ion, HS0 4 - or an organic anion. 

20. The precursor solution for forming wator-rcpcllent 
porous silica as claimed In claim 16, wherein the 
surface active agent is a compound having a poly- 
alkylene oxide structure. 



1 6. A precursor solution for forming water-repellent po- 
rous silica, which is obtained by partially bydrolyz- 
ing a TluorinL-eontain;ng trlalkoxysilane represent- 
ed by the following formula and a tetraalkoxysliane 
under acidic condition and then mixing the resulting 
hydrolysis euiutton with a surface active agent; 



4$ 



(20) 3 SiR 



wherein Z fa. methyl, othyl, n-propy| r hpropyl, n- 
butyl, t-butyl, .-butyl or sec-butyl, and R is a fluorine 
atom. (CH 2 ) Jj( CF 2 ) b (0(CF z ) c ) d X (X is a fluorine at- 
om, OCF 3 , OCF(CF«)a. OC(CF 3 ) g , an elkyl group 
or a phenyl rjroup, a is a number of 0 to 3, b is a 
number of 0 id 3, c is a number of 1 to 3, and d is a 
number of 0 lu s) or C^F^. (e is a number of 0 
to 4). 
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